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(57) Abstract: 

FIELD: radio 
comnnunication systems. SUBSTANCE: method 
Includes generation of N staggering channels 
and N pilot signals on sending end; data 
signal is transmitted through all staggering 
channels and pilot signal is passed through 
respective staggering channels; on receiving 
end transfer functions of staggering 
channels are estimated using transmitted 
pilot signals; using estimates obtained data 
signal transmitted through each staggering 



channel is pre-dlstorted on sending end. 
EFFECT; enhanced efficiency of signal 
transmission at frequency-selective signal 
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(54) CnOCOB KOrEPEHTHOC^ PA3HECEHHO(^ HEPEflAMM OirHAHA 



(57) Pecfiepar: 

H3C36peTeHMe othoohtoa k o6/iacTM 
paflMOTexHMKM lA MO>KeT ncnonbsOBaTbCfl b 
cucTeMax paflMocBji3n. CnocoS KorepeHTHOB 
pasHeceHHoCi nepeflaMU curHana aaicnioMaeTCH b 
TOM, HTo Ha nepeflaiomea cTopoHe (popMvipym 
N KSHanoB paaHeceHMfi, 0opMMpyK>T N 
nwoT-curHanoB, nepeAaioT nH({5opMaitMOHHbit1 
CMma/i Mepes Bce KaHaru pasHecemn, a 
nnjioT-curHanbi - no cooTBeTcTByionMM KananaM 
pasHecsHUfl, Ha npnewHoCf cTopoHe ou/smeam 
nepeflaTOHHbie 4)yHia^MM Kana/ioB paaHecenvm c 
ncnoJibsoBanneM nepsAaHHbix nunoT-curHajioB. 
Ha nepeflaramePi cTopone b cooTBeTCTBHn c 
nojiyHeHHbiMM pesynbTaraMM oueHOK 



ooymecTBTiflioT npeAbiOKa«eHne 
MHctxjpMauMOHHoro OMPHana, nepeaaBaeMoro 
sepes KaKAbi(4 Kanan pasHeceHM^. flocTkiraeMbiA 
TexHMHecKMR peaynbTaT - noBbiiueHMe 
3Ct)cf)eiaMBHocTM nepeflaMU onmana b cucreMe 
paAMOCBOSM npn HacToTHO-ceneKTHBHbix 
aaMMpaHMHX cMrna/ia. 6 s.n. *-;ibi, 6 m. 
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H3o6peTeHiie othocmtcsi k oCnacrM 
paflMOTexHMKM, K cnocoGy opraHnaaLiMii 
pasHeceHHoU nepeAann cMmana b cucreMe 

pajWOCBflSM, B HaCTHOCTM B CMCTeMe 
paAHOCBflSM C MHWKeCTBeHHbIM flOCTynOM. 

Ans paflMOCBflSM b ycnoBnax ropoflCKoCt 
aacTpoRKM nnn nepeceHeHHoCf MecTHOc™ 
xapaiaepHo MHoronyneBoe pacnpocrpaHeHne 
cumana, npuBOAninee k aawMpaHMflM cumana 
Ha npnewHoCl cTopoHe, b tom Huoie m k 
HacToTHO-ceneiaviBHbiM aaMnpaHnnM. 
SaMnpaHMJi SHaHMTenbHO yxyflUJaKiT KanecTBO 
npneMa curHana, npn stom b cMcreMax 
nepeflaHM nHcfxspMamiM BoapacraeT 

SepOJITHOCTb OliJM60K, M CHMJKaeTCfl CKOpOCTb 

nep^aHM nHtfjopMai^MM. 

nosTowy Heo6xoflMMO co3fl3BaTb Taiwie 
cnocoSbi nepeflSHM cumana, Koropue CHUJKaiOT 
BJiMflHue saMMpaHMtl Ha KaMecTBO paflnocBraw. 
HaxiSonee 9ct)(:t>eKTMBHbiM cnocoCoM SopbSbi c 
saMMpaHMflMM flsnnercfi opraHMsai^iiifl 
pasHeoeHHbix leaHanoB nepws^n (b Koropux 
nepeflaBaeMhiB curHan npeiepneBaei 

CTaTklCTMHeCKM HeaaBMCMMbie MOKEDKeHliW [1, 

Miciowave Mobile Communications/Edited by 
William C. Jakes. IEEE Press. NY. 1994]) m 
nepeflana AaHHbix no 3Tmm pasHeceHHUM 



MsBecTHbi cnocoCbi KorepeHTHoB 
paaHeceHHoB nepeflann cMrHana, HasuBaeMue 
Retransmission Diversity [1]. HepenaMa 
cMTHana corjiacHO 3Thm cnoco6aM 
ocyiuecTBTiJieTCfl c N npocTpaHCTseHHO 
pasHeoeHHUX nepeflaiomux aHteHH. dpn 3tom 
Ha nepeASioineR CTopone naaecTHbi 
KOMn/ieKCHbie KoacMJUMneHTbi nepeAann 
cumanoB wesKfiy nepeAawinnMH aHTSHHaMn n 
npneMHoB aHieHHoil. Sra yiHtpopuauyin 
Mcnonb3yeT05i Anfl MaKCMMnaai^nvi oTHoiueHMR 
wirHan-iiiyM (OCIiJ) b npneMHoR aHTSHHe 
nocpeACTBOM onrnManbHoPi ycTaHoeKM 
aMnjiMTyflu m cfjaabi nepeflaeaeMoro cumana b 
Kaxwfl nepeflaiomea anreHHe. 

PacoMaipMBaioTCfl flsa ochobhux cnoooesa 
nojiyHeHkiji TpefiyeMofl mcpopuau/AM o Kanane 
pacnpocTpaneHMji. B nepsoM onoooBe b 
cMCTewe CBflan pearnsoeaH speMeHHofl 
flynneKc. nosTOiviy oneHKa Kanajia 
pacnpocrpaHeHMfl c^opMnpyeTcn npn npnewe 
cumana Ha yuaaaHHbie N aHieHH. Bo aropoM 
cnoooSe ncnonbsyercn HaoTOTHuB flynxieKO, ho 
nonocbi waoTOT npsiMoro m oBpaTHoro KanajioB 
nepeflaMM oMmana pacnonaraioTCfl Sjimsko flpyr 
K flpyiy 0 TeM, HToCbi Kananw pacnpocrpaHeHMji 
B npjiMOM M oBpaiHOM HanpaaneHvinx ObuiM 
cvuibHO KoppennpoBaHHbiMM. B 3TOM cnyMae sa 
ousHKy npnMoro Kanana raioKe eepercH oqeHKa 
oSpaiMoro Kanana. 

B coBpeMeHHbix CMcreMax CBnan oSbisHO 
Mcnonbayerofl nacTOTHbiR flynneKc n 
npuMeHflWTCfl flocTaroHHO lunpoKononocHbie 
cumanbi. noaTowy ycTpaneHne saaviMHoro 
BnnfiHMfi cumanoB a np^MOM m oSpaTHOM 
Kananax rpeeyer o6ecneHeHMfl sHasnTenbHoro 
HacTOTHoro pasHoca Me»By stumm KananaMn. 
YKaaaHHbie ^aiaopbi ncKnioHaioT npaKTMnecKyio 
peannaaL^nK) cnocoSa Retransmission Diversity 
[11. 

flnn MHoronyneBbix KananoB cbasvi usaecTHO 
TexHMHecKoe peujenne [2, "Pre-RAKE diversity 
combining in tinne division duplex CDMA 
mibile communications", IEEE, 1995 r. . 
0-7803-3002-1/95 431-4351, aaimiOHaiomeecn B 
TOM. HTO nponHasHaneHHUB flnfl nepefl^HM 

MHC|)OpMai<MOHHblfl OMfHaJl np^flblCKaJKaeTCfl 



TSKUM o6pa30M, 4To6bi CKOMneHCMpoBaTb ero 
ncKa>KeHnn b MHoronyHCBOM Kanane. B 
peaynbTare npuHMMaewbiCi curnan flanaeTCJi 
oflHonyneBbiM m o6pa6aTbiBaeTCfl npocTbiM 
oflHonyneBbiM npnewnnKOM. 3to ocoCeHHO 
aicryanbHO flra npsMoro Kanana, nocKonbuy na 
aGoHeHTCKoa craHLiMM He TpeCyeTcs 
McnonbaoeaHne cnojKworo b peannaai^nn 
MHoronyMeeoro (Ralce) npnewHuica. Ana 
peannsaiiMM yKaaaHHoro cnoco6a nepeAaHU 
CMTHana na nepeaaiotned cTopone TpeByeTCfl 
oi^eHKa KaHa;ia pacnpocTpaHeHnn. ITosTOMy 
asTopbi npeAnaraiOT cboB cnooo6 flnn CMcreM 
CBsaiA c BpeMeHHbiM AynneKCOM, r^e nonyMCHMe 
TaKon oqeHKM He npeacraanneT SonbiuMX 
sarpyflHeHMfl. 



K aaflBTJieMoMy cnooo6y pasneceHHotl nepen^Hki 
onrHana nansieTwi cnooo6, onucaHHuB b 
npoeKTe ciaHflapia 3GPP [3; 3 rd Generation 
Partnereliip Project; Technical Specification 
Group Radio Access Networlc; Physical Layer 
procedures (FDD). 3G TS 26.214 v.3.3.0 
(2000-06), p. p. 29-31. aneiapoHHaJi sepcufl 
http:/Awww.3gpp.ofgl. Cnoco&-npoTOTOn 
McnonbsyeTcn b npniMOM naHane (HanpaeneHne 
csnsM OT easoeoB craH^^1M k Mo6ivibHo{1 
CTaHi.;mi) cncreMW CBSiavi 3GPP aaicniOHaeTCJ! b 

Ha nepeflaiotne« cTopoHe cjxDpMnpyioT piaa 
npocTpaHCTBeHHO pasHeceHHbix Kanana 
nepeflann curnana, An« Kaxfloro 
npocTpancTBeHHO paaneceHHoro Kanana 
nepeflann curnana cfxjpMnpyioT 

cooTBeTCTsyiotHMH sTowy Kanany nunoT-curnan 
raKUM oCpaaoM. HTo6bi a^sopMnpoBannue 
nunoT-cumajibi 6binM BsanMHO opTorohanbHbi. 
4)opMMpyioT MHtfiopMai^MOHnbiR curnan. 
opTononanbHbiCl nnjioT-CMrHanaw, n nepeflaiOT 
ero Mepea flea npocTpanCTBenno paanecennbix 
Kanana nepwanM onrHana onnoBpeMenno c 
nwioT-CMrnanaMM; 

na npHBMHoB cTopone c{)opMMpyioT oi<enKy 
cjiaaoBoro cflsura, Koropyw neoOxoflUMo BHecru 
b cMTwan. nep^BaeMuH nepea BTopoB 
npocTpancTBenno paanecenHuB Kanan 
nepenaMbi curHana ppn roro. htoCw 
MaKCMMMSnpoBaTb oTHoiueHMe curviajT-noMexa 
na npneiMHoB oropone. wwi o^eHKy cf)a30Boro 
COBkira ki aMnjiKTyAHoro MH0)KviTen!i 
(KD^<})ct)^1^^1eHTa). Koropwe neoCxoflviMo BnecTn 
B cOTHar. nepenaBaeMbii^ Mepea BTopoi^ 
npocrpancTBenno paanecenHbiil Kanan 
nepeflSMM cumara ads' roro, htoCu 
MaKCMMMSMpoBaTb OTHOiueHMe cMrnan-noMexa 
na npucMHoB cropone, nonyMeHHue ot^enKH 
coo6ii;aioT na nepeaawmyio CTopony; 

Ha nepeflaioi^eil CTopone KoppeKTupyioT 
CMrnan. nepeflasaeMUt^ no BTopoMy 
npocTpaHCTBeHHO paaneceHHOMy Kanany 
nepeaaHM cumana b cooTseTCTBun c 
nojiyHeHHbiMM o^eHKaMH. 

YKasaHHoe MwOpeTeHne MOJKeT 
McnonbaoBaibCfi b cucTewax cbjish c nacTOTHbiM 
flynnoKCOM enarpAapji nannHnio oeparnod 
CBJ13V1. no KOTopoB nepefl^eTKi oi<eHKa npjiMoro 
Kanana c Mo6iinbnot( oTantiMM (MC) na BasoByio 
crani^Mio (EC). 

HeAocTaTKOM cnoco6a-npoTOTMna aBnmTcn 
ntoKao sctxtieKTMBHOCTb paCoTw npi^ 
MacTOTHO-oeneKTViBHbK aaMMpannfix curviana. 
Ha nepefl9K)ii4efl CTopone see KownoneHTbi 
cneKTpa nepeflaaaeMoro curnana nonynawT 
OAMHaKOBue aMnnnryflno^soBbie KoppeKi^nn. 
B TO BpeMfl KaK aMnjiMTyAH0-c|)a30Bbie 



MCKaxeHMn pasnw^Hbix yHaoTKOB cneiopa 
npuHMMaeMoro curHana paann^aioTCfi Bmpif 
MacTOTHO-ceneKTMBHoro xapaicrepa aaimpaHm. 
nosTOMy a cnoco6e-npoTOTMne HeB03M0>KH0 
o6ecneHMTb onrnMaJibHoe KorepeHTHoe 
cno>iceHMe b to»«s npneMa KonnCl 
MHcJxjpMamioHHoro onma/ia, nepenaHHUx no 
pasHeceHHbiM KaHanaM, oAHOspeMeHHO Ann 
Boex cneKTpanbHbix KOMnoHOHT 

MH4)opMaL4MOHHoro CMrHana. 

Safla^a, Ha peiueH^e xoTopot) Hanpasnew 
3anBJineMoe moGpereme, - noBbiiueHMe 
94x})eKTMBHOCTM nepeflSHM ckimana b CMcreMe 

paAMOCB^SM npM MaCTOTHO-CeneKTMBHblX 

saMMpaH^nx c^mana. 

RocraBneHHan sa^na peujaercn nyrew 
McnonbsoBaHMn aansinneMoro cnoco6a 
KorepeHTHofl pasHeoeHHofl nepenann cumana. 

3a;)BnneMbin onocoC KorepeHTHoCt 
pasHeceHHoB nepemanvt curHana saicnKwaeTOfl e 
TOM, MTo: 

Ha nepenaiou^en cropoHe (|»pMMpyioT N 



cumana 



to 



c)X)pMiipyiOT N nkiiiOT-CMrHanoB m HasHanaiOT 
Ka)KaDMy KaHany pasHeceHkin ceaa 
nkinoT-cMma/i, 

nepeflaioT MHctxjpMaiiMOHHbifl onman nepea 
BC8 KaHanu pasHeceHun, a nMnoT-ctimanbi - no 
cooTBeTCTByniuMM KaHanaM paaHeceHMn, 

Ha npMeMHOfl CTopone oi^eHMBaioT 
nepeflaTOHHue cfiyHKi^kiki KaHanoB pasneceHMn c 
McnonbsoBaHMeM nepenaHHbix nunoT-cMmanoB, 
nepeAaiOT peaynbiaTbi o^eHKM nepeflaroMMbix 
cJjyHKUkifi icaHanoe pasHeceHna na nepeflaiou<yio 
CTopoHy, 

Ha nepeflaioinetl cTopoHe b cooTBeTCTBMM c 
nonyneHHUMM pesynbiaraMM OL^enoK 
ocyu<eoTB;wioT npeAbicKaJKenMe 
MHCfX3pMaL(MOHHoro OMrnana, nepeAaBaeMoro 
Hepes Kajtu;biC4 KaHan pa3HeceHki$i Tamt* 
oBpasoM, MToCbi MaKCMMHSMpoaaTb KaMecTBo 

npnewa MH4)opMa4MOHHoro 

npneMHOkt cTopone. 

npM^eM nwioT-curHanbi 
pasHeoeHufi m MH(|)opMa4MOHHbiH onTHan 
flBJiniOTCfl BSaMMHO opToroHanbHUMM. 

Bo3Mo>KHbi paajinMHue onocoeu 
*opMnpoBaHHfl nnjioT-cMmajioB. 

nunoT-curHajibi KananoB pasHeceHun m 
MH(4x}pMai4kiOHHbifl ckiman Moryr, nanpiiMep, 
saHMMaib oflHy m ly wb nonocy Hacror. 

nwioT-otirHan \WKPpro Kanana pasHeceHUji 
MO)KeT npeficraBnuTb coCofl coBOKynnocrb 
ysKonojKJCHbK nwnoT-curHanoB. 
pacnpefleneHHhix no nonoce 430x01. 
saHkiMaeMoC) MH*opMaL(MOHHbiM CMmanoM. 

nunoT-CMrHan KaJKfloro Kanana pasHeceHun 
MO)KeT npeflcTaBTJiTb coGofl cxjBOKynHocTb 
ysKononocHbix nunoT-curHanoB, 
pacnpefleneHHbix no nonoce MacTOT, 
BbiAeneHHoC) ckicreMe p^AHOcensM, npM stom 
nonoca nacTOT pasflsnneTon MejKoy 
ysKononocHbiMM nvuioT-ctimanaMM paanoNHUX 
rananoB pasHeceHun m HHcJxjpMaiviOHHbiM 
cMrnanoM. 

Onepa^Mfl npeflbicKa^xeHMn 
MH4)opMa4MOHHoro curnana MOJKex 6biTb 
BbinonneHa pasnn^HbiM oGpaaoM. 

HanpuMep, Ann ocymecTaneHMji 
npeAbicKajKeHMn iiHc|>opMa4kioHHoro curnana 
pa36nBaioT nonocy HacTor HHcJjopMaunoHHoro 
curnana na M npuMbiKawmux nacTOTHbix nonoc. 
ocyiMecTBnaKJT (punbipai^wo MHcJjopMaLiMCJHHoro 
curnana b KaJKfloi* ^acroTHotl nonoce, oGpasyn 
M (t>wnbTpoBaHHbix MH(t>opMauMOHHbix onmanoB, 



KoppeKTupyioT cj5a3y n aMnnnryAy \wmoro 
(|]»inbTpoBaHHoro MHc|>opMauMOHHoro CMrnana b 
oooTBeTCTBUM c pesynbTaTaMM oi^eHW 
nepeAaroHHotl (p^HKum cooTBercTByioiMero 
KaHana pa3HeceHMn, oOpasyn 
oKoppeiaMpoBaHHbie (JjunbTposaHMbie 
MHcjxDpMamioHHbie curHanbi, KOTopwe sareM 
tyMMMpyioT. 

MnM, Hanpuwep, Ann ocymecTBneHUJi 
npsAbicKaTKeHMn MH4>opMa4MOHHoro ckirnana 
ocymecTsnsiKJT npflMoe npeoSpasoBaHne *ypbe 
HaA MH4>opMa4MOHHbiu ctirHanoM, peaynbrar 
npeo6pa30BaHkin nepeMHO)KaioT c (^HKL|Men, 
KOMnneKCHO conpn)KeHHon c nepeAaTOMHoH 
c|jyHicL(Mefl oooTBeTCTsyioinero Kanana 
pasHeceHtin. y\ ocyiMecrsnnioT o6paTHoe 
npeoSpasoBaHMe (t>ypbe. 

nofl nepeflaroMHoH c})yHKMMefl {vova 
MaoTOTHbiM K03c}x})MUMeHT0M nepsAaMM) 
nMHeHHon CMcreMU b nMrepaiype [4, 
roHopoBOKMB M.C. PaAMOTexHMHeoKVie \\(snvi m 
airnanbi. MocKsa, "CoseTCKoe paAMo". 1977. c. 
176-177], [5. CM. BaoKanoB. 
PemoTexumeome u/envi m ctimanbi, M., 
'BucLjan lUKona, 1988 r, c. 211-212] 
noHMMaeTCfl KOMnneKcnan <pfHaiy\!f. paBnan 
nacTHoMy cnexrpanbHbix nnoTHocretl BbncQOHoro 
VI BxoAHoro CMixanoB jwHeflHon CMcreMU. 

ConocTaBMTenbHbifl ananiis saflaraeMoro 
cnocoCa c npoTOTunoM noKasuBaeT. hto 
saflBnneMbin cnocoC cyuiecTBeHHo ornimaeTcn 
OT npoTOTuna. 

06mMMM npusnaicaMU saflBnsieMoro cnocoCa 
n npoTOTMna nanjieTOfl cjxDpMMpoBaHne N 
KananoB pasHeceHun na nepeAaiomeil cTopone 
ti HanM'HMe oSpaTHoH cb^sm c rpMeuHoC^ 
CTopoHH, Koropaa ony>KMT Ann KoppeKUMM 
napawerpoB nHctwpManMOHHoro curnana, 
nepeAasaeMoro 4epe3 paannMHue Kananbi 
pa3HeoeHMfl, c i<enbio ynynujeHUfl KaHecTaa 
npkieMa MH<t)opMaMVioHHoro CMmana. 

OrnnHHTenbHUMM npusHaiOMM saflenneMoro 
cnocoBa n npoTornna jiBnflioTOfl oneflyiouvie 
npusHaKu: 

Ha npMeMHod CTopone oi^eHMeaioT 
nepeAaroHHbie c^yHKL|kivi Kananoe pasneceHMji c 
MononbaoeaHneM nep^aHHbix nwior onmanoB. 

nepeaaioT peaynbiarbi OMeHKH 
nepeAaTOHHboc 4>yHia4Mn KananoB pasneceHMn 

0 OTOpOHy, 

R CTopone b cooTBeTCTBkiM c 
pesyjibTaraMM ouenoK 
ocymecTBnnioT npeAbtctcajKeHne 
MHC}X3pMauMOHHoro curnana, nepeAasaeworo 
Hepes leuKAbit^ icanan pasneceHna, raKViM 

06pa30M, HT06bl MaKCHMMSHpOBaTb KaMeCTBO 

npnewa nH4)opMaL(kiOHHoro curnana na 
npnewHOM cTopoHe. 

HoBnana n npenwymecTBO sajiBnjieMoro 
cnoco6a KorepeHTHoCi pasnecennoR nepeflanM 
ctimana sannw^aioTCJi b ynere nacTOTHo 
-ceneKTMBHoro xapaiaepa aaMnpanMK CMmana 
nocpMCTBOM onTMMM3aL(HM paaneoennoB 
nepefla'^H Bnyrpti nonocbi nacTOT, sanviMaeMon 
kin<t)opMa[;noHnbiM cumanoM. 

nepemicnenHbie ornMMMrenbnbie npMsnaim 
o6eoneHMBaioT aaflsnflCMOMy cnocoey no 
cpasnenMio c nporoTMnoM cooTBercrBMe 
KpmepMio "noBiiana". 

CpaBnenkie sanenneMoro MsoeperenMn c 
ApyrHMki TexHM>4ecKviMM peiueHMflMM, 
MseecrnbiMM b Aannofl a6nacTM TexHMKii, ne 
nosaonMno BbinsMTb npMsnaKM, onpeaenennue 
KaK aTnMHMTenbHbie. 

CkJBOKynHooTb 0TnM4MTenbHbix npnanaKOB 



npM peann3aL(MM b safianaeMOM cnocoCe 
KorepeHTHoM pasHeceHHoSI nepeAann cMTHana 
nosBorneT 3HaHMTenbH0 noBbicHTb 
noMexoycToilHHBocTb m nponycacHyio 

Cn0C06H0CTb CMCTeWbl paflMOCB513M. 

CjieAOBarejibHO, aajiB/iJieMoe M3o6peTeHiie 
oTBenaer KpurepkifiM M3o6peTeHMfl 
"cyi^ecTBeHHbie OTnuHUfi", "HeoHeBHAHOCTb" m 
oTBeMaer MaoOpeTaTenbCKOMy ypoBHio. 

B saBMCkiMbix nyHKTax 4)opMyjibi npMsefleHbi 
npMMepu BbinoTHeHMfl ocHOBHbix onepaiAkiB 
sanenneMoro cnoco6a, pacKpuTMe KOTopux 
no3Ban5»T jTyniue noHHTb npaioiiHeoKyio 
peaniii3aL|tiK) cnoco6a. 

OnMcaHMe iii3o6peTeHMfi noncHtieTcn 
rpa(t>MiiecKiiUri uareptiaJiaMiii. 

<I>Mr.1 WTJiiocTpvipyeT pasSneHMe 
BbifleneHHoro b cMCTeue paaMocensn nonocbi 

HacTOT Ha lacTOTHue KaHanu, rae fi, fj fw - 

i^rpajibHbie nacTOTbi nacTOTHbix KSHajioa. 

Ha <pvir. 2 npMaeaeH npMiuep 
pacnpeAeneHtw MH^npMai^MOHHbix m 
nunoT-cMMBoJioB no nacTOTHbiM KSHaxiaM. 

Oiiir.3 MJUiocrpiiipyeT npMMep peannaamm 
sananneMoro cnocaSa KorepeHTHoR 
pasHeceHHoH nepefl3iii Ha ycTpoBcTBax 
uepep^\ou\e^ m npneMHoH CTopoHbi (npMMep 
peannaamiM aaaanfleMoro ycrpoWcTBa flnji 
OMcreMbi OFDM). 

Our. 4 MjiJiiocTpMpyeT npMMep peajiMsamiM 
3ajiBJifleMoro cnocoSa KorepeHTHoB 
pa3HeoeHHoPI nepeaaMU na ycTpoRcTBax 
nepeflaiomeCf n npneMHOf* cTopoHU (npuMep 
peanM3aL^MM 3a5iBnfleMoro ycTpoRcTBa Ann 
GMoreMbi CDMA). 

Ha cJjur.S noKa3aH 6jiok npeflbiCKa^eHun 
MH(})opMai^MOHHoro curnana ana onoreMbi 
CDMA. 

Ha c}3nr. 6, noanmifi "a", noKa3aH cnywaH, 
KorAa 3HaHeHMsi nepefl^TCjHHbix (pyHKHi^V\ AByx 
KanajiOB pa3HeeeHMSi, cooTBeTCTsywiMMe 
OAnnaKOBoH MacTore, pacnonoJKeHU b oahoA 
nonynnooKocTM Ha nnocKOCTH KOMrmeKCHoro 
nepeweHHoro; noanMUfl "6" - cnyHaH. kotab 
SHaneHMfl nepeAaTOHHbix 4)yHKmiH AByx 
KananoB pa3HeceHMSi, cooTBeiorByiomMe 
ORmamaol^ nacroTe, pacnonoKeHbi b pasHboc 
no/iynrooKOCiwc na ruiocnocTn KOMnnencHoro 
nepeMeHHoro. 

ycTpoRcTBa nepeflaiomeB m rpnemiHoB 
CTopoHU ((t>Mr.3) conepxeT: 

Ha nepeAawmed OTopone: M lacTOTHbix 
KananoB 1i-1„, renepaTop noAHecymux laoroT 
2, nepBbiCi 3 m BTopoff 4 cyMMaTopu. 6noK 
KoppeKUMM 5, ABe nepefliaiomvie aHTCHHU 
6 1-62 M ABe npneMHbie aHieHHbi 7i-72, nepBue 
BxoAbi HacTOTHbK KaHaTioB 1i-1„ flannioTWi 
MHc^opwamioHHbiMM BXOAaMM M oCpasyioT 

BXOAbI yCTpOMCTBa, BTOpbie MX BXOAbI 
CCjeAMHeHbl CCOOTBeTCTByiOlUMMM MM BblXCJAaWM 

renepaTopa noAnecyinMX nacToT 2, nepsbie 
BbixoAbi nacTOTHbix KanaTOB li-1„ coeAMHenbi c 

COOTBerCTByiOlUMMM MM nepBblMH BXOAaMM 

nepBoro 3 cyMMaropa. BTopw© BbOCQAW 
HacTOTHbix KananoB Ii-1m coeAMHeHbi c 

COOTBeTCTsyiOlMMMH m BTOPHMll BXOAaMM 

BToporo cyMMaropa 4, BbixpAbi nepBoro 3 M 
BToporo 4 cyMMaTopoB ooeAMHeHbi 
COOTBOTCTBeHHO c nepBoB 61 M BTopoH 
6 2 nepeAaioi^MMM aHTeHHawM, nepBan 7 1 m 
BTopafl 7 2 npMewHbie aHTeHHbi cxjeAMHeHbi 

COOTSeTCTBeHHO C nepBbIM M BTOpbIM BXOAaMM 

6noKa KoppeKi)MM 5, buxoau KOToporo 

COeAMHeHbl C TpeTbMMM BXOASMM M HaCTOTHblX 



Ka>KBbia HacTOTHbiB Kanan 
cQfl^p)^<MT nepBbiPi 8, BTopoR 9 m ipeTMR 10 
nepeMHO)KviTejiM, nepBbie axoAW nepBoro 8 m 
BToporo 9 nepeMHOXMTeneH oebeAMHeHbi, 
oSpasyfl nepBbiil Bxofl HacTOTHoro Kanaxia, 
BTopue BXOAbI nepBoro 8 m BToporo 9 
nepewHojKMTeneJI oeteiUMHeHbi, oOpaayfi BTopof^ 
BXOA HacTOTHoro Kanaiia, BbixoA nepBoro 8 
nepeMHoxcMTerfl o6pa3yeT nepsbiR buxoa 
MacTOTHoro Kanana, bhxoa btopoto 
nepeMHOXMTenfl 9 coeAMHen c repBbiM bxoaom 
TpeTbero nepeMHO)KMTenfl 10, BTopofl bxoa 
KOToporo oCpaayeT ipeTMfl bxqa HacTOTHoro 
Kanana, buxoa TpeTbero nepeMHroKMienn 10 
SB/ifleTcfl BTopbiM BbocQAOM MacTOTHoro Kanana; 
na npMeMHoH cTopone: npMeMnyio anieHHy 

11, AeMOflyjwTop 12, 6noK o^eHKM 13. 6noK 
oSpaiHoB censM 14 m nepeAawmyio aHTenny 15, 
npMeMHan aHTenna 11 coeAMHena c nepsbiM 
BXQooM AeMQAyjiniopa 12 m bxqapm Snoxa 
OL^eHKM 13, nepBbiH Bbixon 6noKa oLieHKM 13 
copAMHen CO btopum bxqaqm AeMOAyiATopa 

12, BbKOA KOToporo nsnneTcn BbixoAOM 
ycrponcrea, BTopoEl BbixoA Qnoxa oLieHKM 13 
coeAMHeH CO bxqaom enona oepaiHoH or ' 
BbKOA KOToporo ooeAMHeH - 
aHTeHHoft 15. 

ycipoBcTBa nepeAaKnuefl m npMeMHofl 
CTopoHW ((t>Mr.4) coAepjiOT: 

" cTopoHe: K BeTsed 
nepeAaHM CMrnajia K 
15i-15k, Ka^Aafl BeTBb 
pa3HeceHHofl nepeAaHM CMrnana nonbsoBaTena 
OQflep>»iT N enoKOB npeAUCKaweHMSi 
MH(})opMai(MOHHoro CMTHana 1 61-I 6k, 
renepaTop nMnoT-CMrnajioB 17, N 
o/MMaTopoB 3i-3n, 6noK KoppeiOAMM 5, N 
nepeflaroiUMX anieHH 6i-6n m N npMeMHboc 
aHTCHH 7i-7n, nepBbie bxpau aeiBeB 
paaHeceHHofl nepeAaHM cMmana 
no/ib30BaTenet1 15i-15k jianjiiOTCB 

MH4>0pMai4M0HHblMM BXOAaMM M 06pa3yiOT 

BXOAbI ycrpoflcTBa, BTopue mx axoAW 

CO^HeHbl C COOTBeTCTByiOU^MMM MM BbKOAaMM 

enoKa KoppeKMMM 5, BbixqflM BeiBoB 
pasHeoeHHofl nepeflanM CMmana 

nonbsoBaTeneK ISi-ISk ooeAMHeHhi c 

COOTBeiCTByiOU^MMM MM nepBblMM BXO/^MM N 

cyMMaropoB 3i-3n, aiopbie BXOAhi cyMMaiopoB 

3i-3n COeAMHCHbl C OOOTBCTCTByiOlUMMM MM 

BbixoAaMM renepaTopa nMnoT-CMrnaiioB 17, 
BbixoH KajKfloro cyMMaTopa 3i-3n coeflMHeH co 
BXOAOM cooTBeTCTBywineR eMy nepeAaioiMePI 
aHTeHHbi 6i-6n, npMeMHbie anTeHHH 
7 i-7n coeflMHeHbi co BxcwaMM 6noKa KoppeKL(MM 
5, 

npMHBM nepBbie bxqaw Stokob 
npeAbicra^KeHMfl MHcfJopMaLiMOHHoro cMmajia 

16i-15n B Ka«AOt* BBTBM pa3HeceHHof1 

nepeAaHM CMmana nofib30BaTe;ifi oCteAMHeHbi, 
oSpaayfl nepBbiPl bxoa 3to« BeTBM, BTopwe 
BXOAbI enoKOB npeAbicKa)KeHMfl 
MH(4xjpMamiOHHoro CMrnana 16i-16n oCpasyioT 

BTOpbie BXOAbI B KaJf^OR BeTBM, a BUXOAbI 

BnoKOB npeAbicKa;KeHM« i^HCfopMai^MOHHoro 
CMrnana 16i-16|m siBnfiiOTCf) BbixoAawM 
cooTBeTCTBywinMX BeTseil paaneceHHOfl 
nepesnaHM CMrKana nonbsoBarenn, 

Ha npMOMHOfl cropoHe: npneMHyio anreHHy 
11, APMpAynnrop 12, 6noK o^eHKM 13, Cnoic 
oejsaTHOtl CB5)3M 14 M nepeflaioinyio aHTenny 16, 
npMBMHafl anreHHa 11 ooeAMHona c nepBUM 
BXQAPM AeMOflyjiflTopa 12 m bxoaom enona 
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OUBHWI 13. nepBbiM Bbixofl Gnom oueHKH 13 
COeflMHeH CQ BTOpbIM BXOAOM AeMOflyjiHTOpa 
12, BbixoA KOToporo nanneren BbocoflOM 
ycTpoPlcTBa, BTopofl Bbixofl 6noKa oueHKii 13 
coeAHHeH CO bxoaqm CxioKa o6paTHO« cbhsh 14, 
BbKOA KOTopono ooeAHHeH c nepefl3ioinea 

aHTCHHofl 15. 

Ha 4)Mr.5 npuBOAeH npuMep BbinonweHUH 
6noKa npeAbicKaMceHMfi MHCtJopMaunoHHoro 
OMfHana 16, KOTopbitl coAep>KViT M cfJunbTpoB 
18i-18„, M nepeMHO>KHTeneR 19i-19„ n 
cyMMarop 20, npuneM BXOflbi M cfJH/ibTpoB 
o6-beAMHeHbi 18i-18„. oCpaayfl bxoa 6noKa 
npenbiCKa)KieHMfl MHc})opMaL<MOHHoro cumana 16, 
BbixoA KaJKAoro ctJunbipa 18i-18„ coeflUHeH c 
nepBUM BXOAOM cooTBercTByiomero eny 
nepeMHC»KMTe;i5i 19 i-19„, na BTopbre bxqam 
nepeMHOJKMTeneC^ ISi-ISm nociynaioT aHaneHMH 
nepeflPTOTHoH (JsyHicmw enora np^icKEOKeHUfl 
HH(t»pMaL4MOHHaro wirHana, caoTBeTCTByioutMe 

l^eHTpanbHblM naCTOTaM CfMIIbTpaB, BbOCQAbl M 

nepeuhioiKMTeneCI 19i-19m cioeAMHeHbi c 
caoTBeTCTBynu^kiMki mm bxoa^mm cyMMaropa 20, 
BUXOA KOToporo nemercn BbixQAOM Snoica 
np^bcuaweHMfl HHcpopMauMoHHoro cMmajB 16. 

PaccMOTpMM npMuepbi peanvi3au,m 
sananneMoro vaci6peTenvm b oicreMax casiM, 
McnonbayioiMMX OFDM [6, Richard van Nee, 
Ramjee Prasad. OFDM for wireless Multimedia 
Communications] npuHUiin paaneneHun KaHanoa 
M B Oicreuax CDMA. 

BHa>4ane paccMorpMu npMMeHeHMe 
aaaaneHHoro MsoepeieHUH b cuoTeMax c OFDM. 
CMCTeMe peflMooBflan MHo)Ki90TBeHHoro Aocryna, 
BKnioHaiomeR no KpaflHefl wepe oAHy BC m qa^h 
aeoHeHTOcuB TepwuHa/i (AT), BbiAenena nonooa 
naoTOT uJMpuHofl F. BbiAeneHHym no/iocy sacToT 
pasCMBaioT Ha M naoTOTHbix noroc raK, ksk, 

Hanpuwep, noraaaHO Ha 4)vir.1, rAe fi, f2 iu - 

UeHTpanbHbie nacTOTbi nacTOTHbix no/ioc. Ksk 
BMAHO M3 4)Mr.1, HacTOTHbie nonocbi 
nepeceKaioTCJi, hto oSecneHUBaeT 
34)4)eKTkiBHoe Mcnonb30BaHtie BUAeneHHOO 
nonoou naoTOT. 

Ha BC <4)opMMpyeTCH noroK 

MH4)0pMai4M0HHblX CMMBOmB, KOTOpuH 

TpeeyeTCH nep^Tb aBoHeHTCKUM TepiwiHajiaM. 

npH 3T0M m60 BeOb MH<})0pMa4M0HHblfl nOTOK 

MOKeT nepefl^iBaTbOfl KawoH a6oHeHTCKOi1 
craHmin, nn6o paanMHHbie Hacru noroiea Moryr 
nepeAaeaTbOfi pasnn^HbiM aeoHeHTcwiM 
TepMMHanaM. nepeflPBaeiMbie cMMBOnbi b 
oCufeM cny^ae nanJiioToa KOMnneKCHbiMn, hto 
cxoTseTCTByeT KsaflpaiypHbiM biwim 
MQAynnL^MM. 

B TBHeHHe flnnTejibHOCTM qahoto OMMBona T 
Hepea M ^acTOTHbix nonoc OAHOBpeMeHHO 
MO)KeT nep^BaTbCfl M cmmbojiob (nacroTHbie 
KaHanbi li-1 m Ha (furS). flnnTeiibHocTb cMMBona 

M LUkipMHa MaCTOTHOR nOJIOCbl AO^'KHbl 

YAOBneTBopjiTb ycjioamo 

= ^h- 

we = '=1. 2. 3, ..,M-1; keZ. 

B 3T0M cnynae npn npnewe cmmbojiob 6yAyT 
oTcyrcTBOBaTb BsanMHbie noMexn Me)M;y humm, 

flnfl opraHM3a4MM paaHeeeHun b npsiMOM 
Kanane na nepeAawiqea cTopoHe cfxjpMHpyeTcs 
N KaHanoB paaneceHMn. Kananbi pasHeceHkisi 
Moryr, wanpuMep, CbiTb ccfjopMnpoBaHbi 
nocpeACTBOM opraHMaaL^nn nepeAa^n cumana 
Mepes N pasHeceHHbix nep^iou^MX anreHH. 

npM 9T0M MOKHO MCnOHbSOBaTb 

npocrpaHCTBeHHo pasHeoeHHwe aHTeHHbi mjim 



aHTeHHw 0 pasHod norapnaauMed. JUjih npMMepa 
nonoxoiM N=2. B aajiBnneMOM M306peTeHMM 
ocymeoTBfweTcn KorepeHTHan nepefl3Ha 
MHCtiopMaLfMOHHOro ckiFHana ^epea N KananoB 
pasHeceHun (6 1-62 Ha cJjur.S). flnn 
ocymecToneHMfl KorepenTHoCI nepeAann na 
nepeaaiomed CTopone rpeeyercH swaib 
nepeflaroHHbie ctsynKmin KananoB pasHecSHMR. 
B CMcreMax cbssm c nacTOTHbiM flynneKcoM 
oueHKa yitaaaHHbix nepeAaroHHbix 4)yHKMMCI 
BOSMOJKHa TonbKO Ha npneMHoR CTopone. B 
saflsnneMOM M3o6peTeHMM ara oi^eHKa 
4x3pMMpyeTCfl Ha npusMHoR cTopoHe (na 
a60HeHTcK0M TepMMHane) c Mcnonb30BaHMeM 
opToroHanbHbix nMnoT-cMrwanoB, 
nepeA3BaeMbix Hepea paajiMSHbie Kananbi 
pasHeceHMfl, m sareM nepeAaercn na 
nepeAaioinyio OTopony (BC). 

Ha nepeAaiou^eC! CTopone ocyu^ecTanneTcn 
npefluaswcBHMe MH<tx3pMai<MOHHoro curHana 
nocpeACTBOM (paaoBiM mhih 

aMnnmyflfitxlJasoBctl KoppeKi<MM 
MHc})opMai<MOHHcro CMrnana e nacroTHbix 
Kananax 1 r1 m b oahom ms KananoB paaneceHMn 
(HanpMMep, bo btopom) laicviM ogpasoM, HTo6bi 
MaKCMMM3iipoBaTb OTHOiueHMe CMrnan-noMexa 
Ha npMeMHoA cropoHe. 

B paccMarpMBaeMOM npMMepe peanMsai^MM 
MsoepeTeHMH nMJioT-CMTHanbi peannsyioTcfl 
nocpeflpTBOM nep^MM nrnioT-CMMBonoa b 
HacTM wacTOTHbix nonoc. npuHew nonoBuna 
nwioT-CMMBonoB nepeflaercn nepea nepsbid 
Kanein pasHeceHMn, a BTopan nonoBMHa - nepea 
BTopof4 naHaxi pasneceHki^i. 

Ha npneMHoR cropone HenocpeACTseHHaa 
oi4eHKa nepeflaroHHbix 45yHia|MR Kanajioa 
pasHeceHun MoiKer 6biTb ooymeoTaneHa TonbKo 
a Tex ^acTOTHHX nonocax, no KoropbiM 
nepcAaioTCfl nunoT-cuMBOXibi oooTBeTcrayioi^Mx 
KaHanoB paaneoeHMfl. 04eHKa LiennKOM 
nepeAaroHHbix ^jyHKUkiR o6okix KananoB 
paaHeoeHMH MOJKer CwTb nony^ena 
nocpeACTBOM nHiepnonflmiki yKaaaHHbix npflMbix 
oMeHOK, nanpuMep, c noMOiUbro MeiOAa 
rayccoBCKoW MHTepnonsmMM, npuMep 
ncnonb30BaHMfi KOToporo npuBeflen b [7, S. 
Sampei and T. Sunaga, "Rayleigh fading 
compensation for QAM in land mobile radio 
communications, " IEEE Trans. Veh. TechnoL, 
vd. 42, pp. 137-146, May 1993] . B SToPI 
cBsian nunoT-oMMBOfibi APrDKHU 6biTb 
paBHOMepHO pacnpeneneHbi b BbiflieneHHoJt 
nonooe nacroT c HHiepBanoM, KOTopuB 
nosBoraer ocymeCTsnjiTb MHTepnoJwi<mo 
npnubK oi^enoK wa npHeuHoM CTopoHe. ripiiiMep 
pacnpeAeneHkin MHipopMaiiMOHHbix m 
nmoT-cMMBonoB no MacroTHbiM KananaM 
noKasan na <})Mr.2. 

PaccMoipMM npMMep o6pa6oTKi,i 
nepeAaHHoro cMnena Ha npneMHoB CTopone 
(0W.3). 

Hasoaeu rpynnoBbiM o^mbo^om M 
CMMBonoB. KOTopbie OAHOBpeMeHHO nepeflaioTCfi 
nepea M nacTOTHbix nonoc, ki oCoaHaHUM era a. 
HacTb cMMBonoa rpynnoBoro CMMBOJia hbjiriotch 

MHCjXjpMamiOHHblMH CMMBOnaMM, OCTanbHbie 

cuMBOJibi RBnHKJTcs nnHOT-CMMBonaMM nepBoro 
M BToporo KaHEinoB paaHecsHMfl. 

MH(t)OpMaLlMOHHyiO M nwiOTHbie HaCTM 

rpynnoBOTO ciiMBOiia oBoaHaHUM KaK aj, 
a pi " 2^32 cooTBeTCTBeHHo (aj, api, ap26a). 

nocne npeoBpaaoBaHkin axoAHoro curHa/ia 
Ha HMSKyio HacTOTy axpAHOd KsaApaTypHbid 
(KOMroieKCHbitl) curHan na nHiepBane 
AnnTenbHocTM qahoto rpynnoBoro cuMBona 



CM 
Pi 



([0;T]) HMeer cJiesayremuM am- 



I cfwraa OMrHana b 



rfle Aj. q>j - aMiTJiMTyfla 
\-oVi MacTOTHOM noHOce; '^^^ _ noMexa, 

HanpMMep, aflflHTHBHuCi QenM raycxxsBCKuPi 
ujyw c ABycTopoHHet^ cneiq-pajibHoS 

D MOIUHOCTM No/2; • _ OMMBOn. 



B i-oi^ MacToTHOM nonoce. 
Ha npneMHoCI CTopoHe ocyinecranseTCfi 
pasAsneHne bxoahoto CMmara Ha curHanu 
paanMHHbix HacTOTHbix noTioc. B peaynbrare 
c|)opMMpyeTCH M peujawinMx 

BenkiHMH • Ksu^n Koropux conepxwT 

HH(t»PMaMMIO TOnbKO 06 QAHOM oiMBone 
(KOTopbin nepemaBancn e cooTeeTCTByiou^ 
nacToTHofl nonoce) 



BHyrpeHHtin cipyKrypa peiuawinnx eenmrn, 
cooTBeTCTByiouiMX nepefl^HHbiM 
MH4>0pMaKMaHHblM CMMBoreiM, MMeeT Bi/n 

r;^ Aii, <pii - aMnJWTyflja m cfjaaa CHmajia, 
npMiuQAUjero b TOHKy npMeMa ^epes nepBbiH 
KaHaji pasHeceHMn (or nepBOfl nepefliaK»Men 
aHTeHHbi). B hofi HacTOTHoU nonoce; Ag, 9^ - 



aMnrnryfla m ctx 

TOMKy npMeua nepes BTopoR xaHan p 
(OT BTopoR nepeflaioineR aHTeHHu), b i-od 
MaoTOTHOfi no/ioce; jA*^ KOMnneKCHuiii 

BecoBo« K0^4)c^)M^MeHT, KoppeKTMpyioiUMtl cfjaay 
M aMn/iMTyfly CMr>4ana, nepeflaBaeMoro wepes 
BTopyK) aHTcHHy, b \-o<^ HacTOTHoW nonoce; 

BHyrpeHHflfl crpyiaypa peiuaioinMX BenvwHH, 
cooTBeTCTBy(Oii(MX nepeflaHHbiM 
nwioT-CMMBonaM nepaoro KaHana pasHeoeHUfi, 



BHyrpeHHJifl cipyiaypa peiuaioinMx BennHMH, 
oooTBeTCTByioi^MX nunoT-CMMBonaM BToporo 

KaHara pasHeceHMSi, nweeT am 



1 = X,H. 

Ha npneMHoR cTopoHe ocymecTBnfleTCfl 
oi\enKa nepeflaT04Hbix c})yHK^Mt1 nepBoro m 
BToporo KaHanoB pasHeceHnsi. flna 3Toro 
CHaMa/ia ctxjpMMpywTCfl npsiMbie oiteHWi 
nepeAaroHHbix cfiyHKmiR b rex ^acTOTHbix 
nonocax, no KOTopuM nepeflaBanncb 
nkuioT-cMMBonbi oooTBeTcrayioutm KaHanoa 
pasHeceHMji (abipaKBHun (5) v> (6)). SareM 
nocpeflCTBOM MHTepnonnMUM nonyseHMhix 
npnMbK oiteHOK cpopMnpyercn oi^eHxa aceti 
nepenaroMHoif ^yHia^MM Karaoro xaHana 
pasHeoeHnn. B pesyjibTare aMnnMiyAbi m (})a3bi 



curHanoB a MacroTHbix nonocax Aii, n 
A 2, <pa "annioTcn MSBecTHbiMH. 

Ha nepsfliaKXnyio cTopoHy no oCpaTHOMy 
KaHany nepeflaioTCJi aHaMeHun KoacfxJjimMeHTOB, 
McnonbsyeMbix p/M\ KoppeKUMn c^u h 
aMnnMTyflu aAi MHcJ)opMamioHHoro cumana 
(npenbicicaxceHM$i MHcfxspMaitMOHHoro CMTHana) a 
paanMHHbix nacTOTHNX nonocax ao BTopoB 
aHTCHHe (CM. ct)Mr.2). B oOmeM onynae arn 

K03(t>(t>MUMeHTbl paBHbl 

*» _ * E* rii 
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TaKMM 06pa3OM, ^e^b ctJaaoBoR KoppeK^nn 
MH<}3opMai4MOHHoro curHBJia, nepeflaBaeMoro 
Hepea BTopyio aHTeHHy, aaicnioHaeTCfl b 
oCecneMeHMki KorepeHTHoro cyMMMpoaaHMO 
MHCfopMamiOHHoro CMTHauia, npHUjefliuero no 

™ flsyM KaHanaM paaHeceHnn, b tohkb npneMa. 
AMnnmyflHafi KoppeKUHH oCecneHUBaeT 
nepenany 6o;ibiiJea nacTH 3HeprMM 
MHC|)opMai^MOHHorio CMrwara no KaHajiy 
pasHeceHnsi c MeHbiuHM saryxaHneM cuma/ia m 
MeHbUjefl HacTM no KaHany pasHeceHkin c 

2S eonbUJMM saTyxaHneM OMrHana. B peaynbiare 
yrasaHHon aMnniiiTyAHo-<t]a3OB0R Koppeiqvivi 
MaHCMMMSMpyeTcn oTHoiueHvie curHan-iuyM Ha 
BXOAS npMeMHMKa. 

SaueTHM. HTO He oBnaaTenbHO nepeflaaarb 
3HaMeHMe KoppeKTMpyioinero KoaM»MMMeHTa 

30 flnn Kajwof HacTOTHoH nonocbi. 3to anaMeHiie 
MoweT CbiTb nepeflano Tonuro flnn ^ac™ 
MacTOTHbix nonoc, a KoppeKTMpyramne 

K03<}x})m(MeHTbl flnH OCTSnbHblX 4aCT0THblX 

nonoc Moryr 6biTb nonyMeHbi nocpeflCTBOM 
MHTepnonamiM uMaoi^nxcq Ko3*4)MmieHT0B, 

^ OueHKM ^1HCt30pMa^MOHHUX CMMBOnOB Ha 

npucMHoR cTopone tpopmpymjcn b 

COOTBeTCTBMM C BblpajKeHkieM 



rfle R<»> - peiuaioinee npasnTio, b 
cooTBeTCTBMM c KOTopbiM no peujaioinei^ 
cTaTMCTMKe (apryMeHiy) sbiHocMTcn peojeHne b 
nonbay tofo hjim mhofo nepeflaHHoro CMMBona, 
npMHaflnejKainero ancfaanTy cuMBonoB a Ha 
nepeflaiOLMen CTopone (nanpMMep, Ann 
ABotmnoCI ct)a30Bofl MaHMnynni^HM 
aHanManpyeTcn TonbKo anaK peiuaioineR 

CraTMCTHKM). 

PaccMOTpMM Apyrod npMwep peannaamin 
saflBrneMoro nsoepereHMn npuMeHMre/ibHO k 
cucreMaw csnsn c koaobum paawe/ieHuieM 
Kana/ioB (CDMA). CooTBeTCTByioLnafl 
CTpyKiypHaH oceMa sananaeMoro naoepeTeHun 
noKaaana na tpi/trA. B CHcreMax CDMA Bce 
nonbaoBaienn oflHOBpeweHHo ncnonbayioT oAHy 
M Ty «e nonocy wacTOT flna nepeflaMU 
^1H<})opMa^MM. Pa^AeneHMe cumanoa 
nojibaoBareneK na npneMHOfl CTopone 
ocymecTBn«eTCsi aa o^eT Toro, hto yKaaannbie 
curHaJibi npeACTaanniOT ooBoti 
<t>a30MaHiinyjiMpoBaHHbie xqAOBue 
nooneiflOBaTenbHOCTM. MMeromne HMSKyio 
BaaHMHyio KoppensmnKj. B KanecTae npHewHuia 
McnonbayeTcn KoppennTop, BbiMncnnioiuMB 
KoppenniAWO BXOflHoro cumana, a KOTopoM 
npMcyTCTByioT cumanbi Bcex QflHoapeMeHHO 



paeoTaK)U(Mx 
nonbaoBarenn. B pesynbrare cuman 
npkiHkiMaeMoro norbaoBarejifi ycMjiMBaeTcn 
KoppensTopoM b sHaHmenbHO 6onbUjeii 
creneHM, msm curHanbi ocranbHbix 
nonbaoBarenefl. FlpflMoPi KaHan cucreM CDMA 
flBrnercR cnHxpoHHbiM (Ha^ano KOflPBbix 
nocneAOBaTenbHocTeH Bcex nojibaoBaTenefi 
BbipoBHeHO), MTO nosBonfleT kicnojibsoBarb Ann 
pasfleneHMfl nonbaoBareneSi opToroHaiibHwe 
KQflOBbie nocneflOBarenbHCXJTM, 
npoMSBSAeHHbie, HanpMuep, m aHcauenn 
opToroHanbHbix kqaob yoniua. 

MacTb curHanoB, nepeAaBaembix no 
npflMOMy KaHa/iy, jiBrniOTCfl cnyKeCHbiMn m 
OTHOcflTcn KO BceM nonbsoBaTen^M. RptiMepoM 
cny>Ke6Horo curHana flBnnercfl nunoT-cuman, 
KOTopbiR Mcnonb3yeTcsi, b MacTHOCTn, fln« 
OL<eHKM napaMerpoB (MaoTOTbi. BpeMeHHoro 
nonoxeHna, KOMnneKCHotl ornCaioinefl) 
npMHMMaeMoro ckirviana. 

B sananneuoM M3o6peTeHMti nepe/^a 
CMmana Ka;iwro nonbsoBaTenn nponsBPflHTcn 
oaHOBpeiueHHO Mepes N KaHanoB pasHeceHMti, 
HanpMMep, Mepea N pasHeceHHbix nepeflawiunx 
aHieHH (6i-6n). noaroMy mnm 
^1Hclx)pMa^MOHHO^o ctTHana pacnpcxa-paHwioTCJi 
^epei N paanMMHboc KaHanoB pasHeceHim, 
npe«He mbm npuflin b TOHKy npneMa m 

0(5pa30BaTb CyUMapHblR MH(^pMa^MOHHbln 

OMrHan. fln" Toro MToCbi oCecne^nTb Ha BXOflB 
npMeMHMKa GnvisKoe k onrMMajibHouy cncsKeHMe 
KonMSt l1H4x3pMa^^10HHO^o cumajia, npoiu^iuMX 
no paanmHbiM KaHanaiu pasHeceHMn, Ha 
nepeflaioiMetl oropoHe TpeCyeTon MMeib oi\eHKM 
yicasaHHbK KaHanoB pasHeceNkw. B BanantieMOM 

M306peTeHMV1 OTW OMeHKM C|)OPMMpyiOTCfl Ha 

npneiMHoR cropoHe m sareM nepeoaioTcn na 
nepenaramyK) oTopoHy. flnn roro MTo6bi 
TpeCyeMbie oueHKH Mornn CbiTb ccfxjpMMpoBaHU 
Ha npneMHoH cropoHe Mepea Ka)t<HbiR KaHan 
pasHeceHHfl flonxen nepeflasaTbCfl 
opToroHanbHbid nM;ioT-CMrnan. 

TaKMM oOpaaoM, b aadanneMOM 
M3o6peTeHMM Ha nepeAawmeCI cropoHe 

(IXjpMMpyiOTCH N opTOrOHaJIbHbiX 

nwx)T-ciirHa/ioB (b CnoKe 17) cooTBercTBeHHo 
wMony KanajioB pasHeceHnsi. flnn aroro b 
CMcreivie CDMA m3 aHcaM6n$i mppBbiX 
nocjieflOBaTexibHocTefl, HasHaHaeMbOC 
paann^HbiM KaHanaivi nepeflann, floiBKHO 6biTb 
BbiAeneHo N Ko^oBbix ncx^ieAosaTenbHOCTeO 
noA nMnoT-cMrnanbi N KaHajns pasHeoeHMn. 
KbnMHeCTBO opToroHanbHbOC koaobux 
nocjiewoBaTBnbHocTeB 3aA?HHofl flnnHbi Q na 
EC orpaHMHeHO. Oebi>4HO, MO)KeT 6biTb 

CC})OpMtipOBaHO TCjnbKO Q OpTorOHaJlbHbK 

KDfloBbix nociiWBaTenbHOCTea annHbi Q. 
/yiMHa KqqoBofl nocneinoBaTenbHocm BjiMner Ha 
oKopooTb nepenaMM MH4)opMa^^1M o 
MononbsoBaHneM stoH nociiaflOBaTenbHOCTM. B 
o6meM cnyMae, ^eM Kopcwe m/jpeast 
nocjieflOBaiBJibHOCTb, TBM c SonbUjeH 
CKopocTUO MOJKBT nepeflaBaThcn mtf}opMauyis{ m 
HaoCopoT. nosTOMy Ha BC KopoTKne 
opToroHanbHbie nocjieflOBarenbHocTM flannwrcfl 
Ae4)Mi^MTHbiMki no cpaBHeHkiio c AnMHHNMM. 
MTo6bi He CHMJKaTb CKopocTM nepeflaHM flaHHux 
B npnMOM Kanane b KanecTBe nmioT-cumanoB, 
MOXtHO McnonbsoBaTb AnnHHbie KOflpsbie 
nocnefiOBaTenbHocTM. ^AUHCTBeHHUM 
orpaHMMeHnew na Annny koaoboPi 
nooneflPBaTenbHocTM b flanHOM cnyMae 
nenneTCfi TpeBoBaHne cranMOHapHocTH Kanana 
pacnpocTpaneHMn b TeseHiie MHiepBana 



OpTCJTOHa/lbHOCTVI. 

B cny^ae, kofaq oproroHanbHbix 
nooneAOBarenbHOCTeEl HeAOCTaTWHO, aha 
paciiinpeHUff aHoaMCnn CMrnanoB Moiyr 
ncnoJibaoaaTbOfl KBasMopToroHeinbHbie 
nocneflOBaTe/ibHOCTM, KaK sto npeflycMorpeHO b 
HeKOTopbix coBpeMeHHbK cTaHAaprax cBflsn 
CDMA [8, 3GPP2 C. S0002-A Physical Layer 
Standard for cdma 2000 Spred Spectrum 
Systems, June, 2000]. KBaanopToroHanbHwe 
noojiBAOBaTenbHocTii nweioT HeHynesyio, ho 
AOcraTOHHO HusKyio BsanMHyio rappensmmo m 
npn 3T0M o6naflaioT ana^MTenbHo ConbiuMM 
paawepoM aHcaM6nn, mcm opToroHajibHbie 
nocneAOBarenbHocTM. 

no nep^HHUM nunoT-curHanaM na 
npMeMHoH cTopone <})opMnpy)OTCfl ol^chkm 
nepeflaroHHhK (JjyHKUiviCl cooTBercTByiomvix 
KananoB pasneceHMn (6;iok oueHKM 13). 
yicaaaHHan oueHie moxbt CuTb ocymeoTBJieHa c 
McnonbSoeaHMeM MseecTHbix MeroflOB. 
HanpMMep. Moryr CuTb OHananS o^eHeHbl 
MMnyjibCHbie xapaiaepMCTMKM KananoB 
paaHeceHvw (9, A. Hewitt, W. Lau, J. Austin, 
and E. Wilar, "An autoregressive approacti to 
the identification of multipath ray 
parametere from field measurements, " IEEE 
Trans, on Comm., vol.37, pp. 1136-1143, Nov. 
1989], [10, J. Ehrenberg, T. Ewart, and R. 
Morris, "Signal processing techniques for 
resolving Individual pulses in a multipath 
signal," J. Acsaust. Soc. Amer., vol. 63, pp. 
1861-1865, Jun. 1978], [11, Zoran l<ostic, M. 
Ibrahim Sezan, and Edward L. Titlebaum. 
"Estimation of the paranneters of a multipath 
channel using set-theoritic deconvolution," 
IEEE Trans, on Comm., vol. 40, No. 6, June 
1992]. HepeAaTONHbie ctsyHW^nn aareu Moryr 
6biTb nonyneHbi nocpeflcTBOM BbiHMcneHUfl 
oCpaTHoro npeoepasoeaHUfl <J>ypbe ot oi^enoK 
MMnynbcHbix xapaKiepucTHK. 

PeaynbTatbi 0L(eHKM nepeflaioMHbix (}>yHKmia 
KananoB pasHeceHkin sareu nepeinaioTcn na 
nepeflaiomyio cropony (6ik>k 14). 

PaocMOTpMM renepb nprnwep Toro, KaK 
nonyMSHHaji MH(|)opMai<Mji mojkbt 6biTb 
MonanbaoeaHa na nepefliaiou<eti cTopone flnn 
ynyHiuertw leHeoTBa npneMa b npjiMOM ranane. 

Ha nepeflawmeCi CTopone ctxapwHpyioT N 
&10K0B npeflbiCKaxcBHMn MHctxipMaMnoHHoro 
CMTHajia (16i-16n) cgoTBeTOTBeHHO Hiicny 
KaHanoB pasHeceHMsi. B kukrom 6noKe 
np^oKaxeHMn MH(|x:pMai<MOHHoro onrHana 
CI 6 1-1 6n) BHacnTon npeflMOKaiKeHkW b oneKrp 
iiH(})opMaitMOHHoro curHana, nepeflaaaeMoro 
Hepea cooTBeTCTByioutMn Kanan paaHeceHiin 
TaKMM oBpaaoM. 4To6bi MaKonMnaiipoBaTb 
KaMeoTBP npnewa b npnMoM Kanane. 

flnsi noHMMaHiwxapaKTepa npefluoKSMteHMB, 
BHOcMMbix B cnem-p MHCt)opMai4MOHHoro cmnajia 
B KaxtnoM enoKe npeAUCKaiKeHMn 
MH(}x)pMai4MOHHoro curHana. npoaHannanpyeM 
OTpyKtypy MHil)opMai<MOHHoro cunnana Ha Bxcwe 
npweMHMKa. CneKTpanbHyK) nnoTHOCTb (Cn) 
SKauBflmeHTHcro BimeoHacTOTHoro 
MH4x}pMaL\iii0HHaro cMmana na MHrepaaJie 
nepenaHM qahoto MHctrapMai^MOHHoro CMMBona 
[0;T] iMoiKHo npencTasMTb b cnetnyiouieM Bnp^a: 



K Cf> = S<f> J G. Cf >T^Cf >, C9> 

rfle • - en MH4x3pMai<MOHHoro a^mam 



BXOAe npkieMHMKa; 



cn 



SCf ) 

nepeAaeaeMcsro MH4)opMai^0HHoro cMTHana; 
T cf ) t = r~N ' nepwaToMHue (JyHiqMM 

6noKOB npeflbicKaxeHHn kiHctJopMai^MOHHoro 

oi/imana; 



- cyuMapHan 9Heprvin MH(})opMai4MOHHoro 
curHeuia nofibaoBareJin orpaHMneHa HeuoTopbiM 

nocKonbKy MHCtnpMai^MOHHbin CMixan 
npMHMMaeTcn Ha cfioHe suvviTMBHoit noMexM 
(awMTHBHoro Cesnoro rayccoBCKoro luyua c 
AsyCTopoHHen cneKTpajibHon ruiOTHocTbio 
MoiMHOCTM N(/2), Ann ftammmaaxjim KaneCTsa 
npMeua HeoexonMuo MaKcviMMSMpoBaTb 
oTHomeHne ofHaji-ujyM (OCUJ) Ha %vamfsp 
npneuHkiKa. OnTHuanbHUM npneuHMKOM b 
AaHHOM cnynae nanneTcn cornacoBaHHuR 
4)MnbTp [4). 

SanmueM Bbipa;KeHMe Ann OCUJ Ha BblxoA^ 
(}>wibTpa. coTJiaooBaHHoro c onmanoM (9) 



rfle - nonoca MacTOT, s 
MH<t)opMaMnoHHbiM cvirHanoM. 

e (10) npeoSpaayeTcn k bvwy 





r k 















Cor/iacHo HepaBeHOTBy liJBapua 
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I_ <f > = AO. <f 



<13> 



rfle A - nocTOflHHoe hmcjio. 

VonoBMe (13) onpeAe/inei nepeAaroHHue 

CfiyHKLIMM e/IOKOB npOAblCKSKSHMn 

viH(t>opMaL4MOHHoro cMmana. <l>M3imecni(4 CMucn 
(13) saxnioHaeTcn b cneiAynuteM. 
OaaoHacTOTHbie xapaKrepMCTHiKM (OMX) 
nepeAaTOMHbK (}>yHKLtMtf 6noxOB 

npeAHcraoKeHun HHtJxjpMamiOHHoro CMrnana 
o6ecnBMMBaiOT KorepeHTHoe cnraKBHHe 
cneiapanbHbix nnoTHOCTen MHctsopMai^MOHHoro 
CMmana, nepeAaHHoro Mepea paanniHbie 
KaHanu pasHeceHnsi, Ha Bxofle npneMHUKa. 
AMnjiMTyflHO-HaoTOTHbie xapaKTepMCTMKM (AMX) 
CnoKOB npeAbicKaxeHMn MHCfiopMaqMOHHoro 
curnana c36ecneMMBaK)T nanyHeHne 6oJibUjef1 
nacTM sHeprviM HHCfxjpMamiOHHoro cMmana na 
Tex HacTorax ero cneKipa, tab K034)$m^neHT 
nepeAann lOHana paonpocrpaHeHW eonbiue, m 
MSHbujea HacTM 3HepniM wirHana - raiw, rfle 
K03Cfxt)ML(MeHT nepeA3'<M KaHana 

pacnpocTpaheHMfl MeHbiue. 3tmm 



o6ecneMMBaeTcn oniviManbHoe vicnonbsoBaHMe 
sHeprMM nepeiAaBaeMoro MH^xjpMai^noHHoro 

CMmana. 

TaKMM oepasoM, SHeprMsi KaJKAoro 
nepeA^Baeuoro MHC|x>pMaUMOHHoro CMUBona 
E B ppnw»a ebiTb pacnpeAeneHa no cneicTpaM 
KOHMi^ MHCtJopuaL^MOHHoro CMmana, 
nepefl3BaeMbiM nepea paaJiMHHbie KaHanu 
pasHeceHMn, nponopi^noHanbHO AMX 
coGTBeTCTByioiMMX 6noKOB np^icKaxceHMn 
m4>opMaLV40HHoro CMrviaJia. 

npM peannaai^MM sananoeMoro cnoco6a 
KorepeHTHoB pasHeceHHoS^ nepeAa^M Ba)KHO 
HadTM KOMnpoMMcc uejKAy oSi^eMOM 
nepeASBaeMon c npMeMHofi hs nepeAawu^yio 

cTopony KOHTpOnbHOA MHCfX^pMal^MM M 

noMexcjycToKHMBOcTbK) pasneceHHofl nep^flpMn. 
3T0T KOMnpoMMOo oBycJioBneH leM, hto, c 
QAHoit CTopoHbi, HOM 6onee nonnafi 
MHcfxjpMai^Mfi o nepeAaTOHHbix (}>yHiqMnx 
KahanoB pasHeceHMn AOcrynHa Ha nep«Aaiou4ei1 
CTopone, TeM Buuje noMexoycToBHUBocTb 
saflBneHHoro cncxx)6a KorepeHTHoB 
pa3Hec8HHOi4 nepeA?HM. C ApyroH cropoHbi, 
nepeAana eonbiuoro oCbeua KOHTponbHOfI 
MHCtxipMai^MM CHiwaeT nponycKHyio 
onocoeHOCTb oepaTHoro Kanana. TawM 

OSpaSOM, Ba)KHO MMHklMMSMpOBaTb 06beM 

nepeAaBaeuotf KOHTponbHoA MH^iopMaL^MM npM 
ooxpaneHMM BuooKoro KanecTBa pasHeceHHod 



B 3Ton CBflSM B03M0)KHbl pasmMHHbie 

nacTHbie rexHMHecKMe pemsHMn b paMKax 
sanBneHHoro oBLnero cnocoOa KorepeHTHoR 
pasHeceHHofi nepewanM. 

Pf\n yMeHbiueHMn oe-beua nepeAaBaeMOit 
MHCtiopuai^MM MO>KHO McnonbsoBaTb cneAyioinMi^ 
nowoA- OcyineoTBiifleTcn AMCKpernaauMn 
nepeAaTOMHboc <p^H\(uyi9i, b pesynbiare KOTopoi^ 
nepefl3T0MHan (^)yHK^Mf^ Ka^naoro Kanana 
pasHeceHMfi saMensieTCH SKBMBaneHTHUM 
BeKTopoM oTweTOB nepeflPTOHHoH ^mxm, 

BSflTbIMM C onpeneJieHHbIM MHTepBaJIOM 

= co^<r^>,o^<f j> c^<f^>j, ci4> 

TAe a - BCKTop OTOMeroB nepeAaioHHofl 
ct)yHK^M^1 ko Kanana pasHeceHMa; 5 , - 

nep^TOHHafl (4>yHK4Mn ko Kawana 
pasHeceHun; f k - SHaneHMe HacroTbi, npM 
KOTopoM CepeTcn k-bi(l oTcneT nepeAaroHHoCI 
cIvhkijjmm; M - KOJiMHecTBO oTOeTOB 
nepeiq^TOHHoif (t>yHKMMM. 

BbiCop BenMHMHbi MHTepsana 
AMCKpeTMsaUMM cx^ymecTBnneTcn c yneroM 
06biMHbiX TpeCoBaHMil^, BbireKaioii^MX ms 
TeopeMbi KorenbHMKOBa [4]. TaKMM oGpaaoM, Ha 
nepeflPioiMyio oTopony AocraTOMHO nepeAasarb 
BeKTopH OTCMeTOB nepeAaTOMHbK cfjyHKHMd 
KananoB paaneoeHMa g i, 



BWeCTO 



oaMMX nepeflaTOHHbix (}jyHKL(MR. 

Cyii<ecTBeHHoro cHM)KeHMn nepeAaaaeMoro 
o&bewa MH(4>opMauMM mo)kho Ao6MTbCfl, ecnM 
aaMeTMTb, hto ^MX m AMX nepeAaTOHHbix 
cJjyHKqMfl KananoB KoppeicUMM cneKTpa CMmana 
MweioT oaMocTOHTenbHoe ananeHMe. HpM stom 
0>MX ocoOeHHo 3HaHMMbi, nocKonbKy snMAWT na 
xapaicrep cywMMpoBaHMJi cneKTpanbHbix 
nnoTHocTeil noneanoro cMrnana, nepeAaHHoro 
Mepea paanMHHbie Kananbi paaneceHMn. 
Ynpasnfin ronbKO <t>MX KananoB kopP9K4mm 
cnem-pa cumana mojkho nonyHMib 
SHaHMienbHbifl BbiMrpbiiu b OCLU na npMeMHofI 



CTopoHe. TaKviM o6pa30M, bosmojkho 
TexHMHecKoe peiueHne, npn KOTopoM na 
nepeflawuiyKJ cropoHy nepeAawTca TonbiKo 
oTcneTbt *MX nepeflaroMHux cfjyHiqMCI lOHajiOB 
pa3HeceHMfl. RpMHeM flocTaroMHo nepeAaaarb 
3HaHeHMfl <t>MX no oTHOujeHMio k *MX Kanajia 
pasHeceHMn, BbiCpaHHoro b KanecTBe onopHoro. 
3to nosBonjieT nepeaaeaTb N-1 BeicropoB 
oTCHeroB <WX BMecTo N BeiaopoB. nycTb 
onopHbiM, HanpkiMsp, nannercn nepBbifl icaHan 
pasHeceHMJi. Tcjraa Ann na nepenaioinyio 
CTopoHy cneflyKDT nepeflaaaib Beioopbi 
OTcneTOB <t>MX KaHanoB paaHeceHiw co BToporo 
no N-bia 



. aig(.>- <})yHK^^1J^ b: 



■ = i,n; 1 = i 

apryMBHTa KOMnneHOHoro MMcna. 

06beM nepeAaBaeuoR HHCt)opMa^MM m(»kho 
eu^e eonee ooKparnTb. yMeHbiuan paspjiflHocxb 
mic^poBoro npeflCTaaneHun nepeAaaaeMbix 
OTCHBTOB «MX KaHajlOB pa3H8C8HMfl. Anfl ororo 
saMeTMM, HTO Ann nonyweHMJi Bbinrpbtiua a OCUJ 
AOCTaTOHHO o6ecneHMTb raKyw roHHocTb <t)MX 
CnoKOB npeAbicKaxeHMH MHCtsopMai^HOHHOro 
CMma/ia, npn KOTopofl eine oBecneHUBaeTcs 
cnoxeH/e (a He BbiHuraHne) cneKipanbHbix 
nnoTHOCTsa nonesHoro cumana paa^UHHbix 
KaHajioB paaHeoeHMfl b TOHKe npneMa. JlerKO 
yCeAHTbcn. hto b stom onynae AonycTMMbie 
paccor/iacoBaHun b TOHKe npneMa (jjaaoBbix 
cneKTpQB nonesHoro cumana, nepeAaHHoro 
sepea nwSbie asa paannMHUX naHana 
pasHeceHun, woryr neraib b AnanasoHe or 90 



AO 120 rpaAycoB 



OT 



cooTHouieHun ammjyp, cneiapajibHbix 
cocTaB^niomMX. 

C yMSTOM cKa3aHHoro flpcTaroHHO 
nepefl3BaTb oaieflyioiMyK) vmtpopuauyito. Ann 
nepBoro (BbiCpaHHoro b KanecTBe onopHoro) 
KaHana pasHeoeHun HWHero He nepesqaeren. flnn 
ocrajibHbix KaHanoB pasHeceHun nepe/iaioTCJ! 
BeKropu oTweTOB <I>MX KaHanoB pasHeceHnn. 
HO Ka>icflbit1 OTcneT npeflpr-aaneH QAHo6MTHbiM 
HucnoM ("0" vmvi "1"). 3to hmcho noKasbiBaei. 
HTO oooTBeTCTByioiUMtl OTCMer <t>MX HaxoflHTcn 
n\A6o B oAHoB 4)a30Botl nonynnocKOCTH c 
OAHOMMeHHbiM oTCHeroM onopHotl OHX 
(ct)nr.6a). nuBo B flpyrotl 
nonyruiocKOCTM (cfMr.ee). i.e. 
«i^ = [bii.bi2 t^Ml, (16) 



11,-31 



otIwpHlsa 

Ha nepeAaioiMeJI cropone nonyneHHan 
HH(t)opMa^Mn MononbsyeTCH Ann pacneia 
nepsAaTOHHbix <t)yHK^n^1 SnoKOB 

npeAbicKaxoHun nHttwpManMOHHoro owHajia (b 
6noKe 5) B cooTBeTCTBMM c BbipajKeHnnMM 

Ti=[1,1,....1]-(17) 

- nepeABTOHHan tpyHoiym Gnom 
npeAbicKaxeHun MH(t)opMaHMOHHoro cumana, 
oooTBeTCTBywmero onopnoMy Kanany 
pasHeceHkin; 



pasHeceHnn. nooKonbsy ee ncnonbsoeaHMe 
nosBonner cymecTBeHHo yBenni^MTb 
noMexoycToflHMBocTb KorepeHTHod pasHeceHHofl 
nepeASHM. B 3Tom cnynae Ann KajKAoro xanana 
pasHeceHun, BicnKwan m onopHbiB, cnenyer 
nepwaBaib Beiaop oTCHeroB ero AMX 

Ai"r=[Aii,Ai2 Am]. (19) 

ripn 3T0M Ann npeACTaBfieHun Kax<Aoro 
OTCHera AMX AOCTaro'^HO ncnonbaoaaTb 
HecKonbKo paspoAOB, Hanpviuep 2-4 paspnAa. 
Bbipa;KeHMn Ann nop^flaro^Hbix cJ^hki^mR 
GnoKOB npeflbicxa)KeHiin MH^JopMaLiMOHHoro 
CHmajia Tora^ A°n)KHbi 6biTb MqRMctJMi^poeaHbi 

T = Ia .a ....>A I CZO) 
*1 [ ll' 12 XmJ 

- nepQfl3TOHHan cpyHKitun Snora 
npeAbicKaxeHMn MHC{)opMai\MOHHoro cumana. 
cooTBeTCTByiomero onopnoMy ranany 
pasHBceHkin; 



TAB q(bjm) - cfyHKUMn npeogpaaoBaHun 
npuHnroro flaonHHoro nucna b cJjasoBNH cABur; 
AaHHaR (^jyHKi^nn mo)kbt 6biTb saflaHa b BMAe 
2S Ta6nML(bi cooTBeTCTBun nepeAaaacMoro n 
paspHflHoro 4Mcna onpefleneHHOwy (JjaaoBOMy 
cABury. 

OnucaHHbie Bwiue weTOAHKH CHMxenun 
o5i.eMa nepefl^aaeMoB KOHiponbHofl 
kiHCtx3pMaL(iiM c npkieMHOd na nepoAaioutyio 
30 cTopoHy HocnT oemnH xapaitrep m, b HacTHocTM, 
Moryr 6biTb laioKe npuMeneHU b paHee 
paocMOTpeHHOM npMMepe npuweHeHun 
saflaneHHoro M3o6peTeHMn b cMcreMe cansn o 
OFDM. 

ripuMep annapaiHoH pea^^l3a^nM Bnoica 

^ np^icKaxeHMn MHCtJopMaiikioHHoro ckimana 
noncHBei ifm. 5. WH4)opMai<M0HHbitl cumar 
cnanajia pa«t)i«ibTpoBbiBaeTcn c noMombro 
Ha6opa M (JJUnbTpoB (18i-18„) na M 
npMMuxaioutMX nacTOTHbix nonoc. Cunnan 

40 KaJKAoB HacTOTHOtI nonocbi nepewHOxaeTcn co 
3HaHeHMeM nepenaTOHHOd (t)yHKHMM enora 
npeAbiCKaKCHun MHct)opMannoHHorD curHana Ha 
LieHTpanbHon nacroTe aroR nacTOTHoR nonocbi 
(are onepamin aunonHneTcn c nowoinbio 
nepoMHOJKMTeneR 19i-19„), n nonyMenHwe 

^ pesyjibTaTbi cyMwupyioTcn b cywiMarope 20. C 
BbixoAa cyMwaTopa 20 cHUwaeTcn TpeGyeMbiR 
npQAbicKaKeHHbiCf nH^opMauMOHHbiR cvtman. 

Bo3MO)KHbi M Apyme cnoco6bi peannsaiiMM 
6J10K0B npeAbioKajKeHun MH(}5opManMOHHoro 
curHa/ia. HanpuMep. 6noK npeAbicKaxeHun 

^ MH(}X3pMaLiMOHHoro cumana mo)kho 
peajiM30BaTb b bmas cpvinbTpa, nMnynbcnan 
xapaKTepucTMKa KOToporo mojkbt CuTb 
nonyneHa c noMoinuo oCpaTHoro. 

B03M0)KHbi vt flpyme cnoqo6bi peannaannM 

ss ejioKDB npsAbicKajKeHMH MHJtxjpMaMMOHHoro 
CMrHana. HanpwMep, 6/iok npeflbiOKajKBHUn 
MH(}x3pMamiOHHoro cjumana mojkho 
peannaoeaTb b BMAe cfJunbTpa, MMnynbcnan 
xapaiaepMCTMKa KOToporo mwkbt CbiTb 
nony^ena c noMombio o6paTHoro 

60 npeoGpaaoeaHMn 4>ypbe nepeAaroHHoR 



tt)yHKl(t1H . . 

KiH(})opMauvioHHoro cumana. nonyMenne 
nepefflaTOHHofl (fv»aiyivi 6noKa npeAbicicDKeHMn 
MHCt)opMai<MOHHoro cumana npApo^HO 
paccMarpMBajiocb Bume. 

npeAbicxaxeHiie 



MH^JOpMal^MOHHOro CMFHajia MO)KeT 

ocyi^ecTBnRTbcsi bo BpeivieHHoCi m b 
cneKTpanbHofl oSnacTRx, npn stom 
flOcTuraeMbiPS s^jcf^eicT ynyniueHMR 
noMexoycToClHUBOcTM npnewa Oyfler 
QflMHaKOBbiM. ricxjKonbKy MSXtfly BpeMeHHbIM n 
cneKTpa^bHbiM npeflcraBneHneM cMrHana 
cymecTByeT BaanMHO oflHOSHaHHoe 
cooTBercTBMe, bma npeppraBnenm cMTHanoB 
npM pea/iMsaL^MM MaoSpereHMn Ha nepenaioutett 
M npneMHofl cTopoHax He MMeer sHaHeHna. 

SaMeTMM, HTO XOT51 B paCCMOTpeHHblX B 

oniocaHMM npMMepax peaniisai^MM M3o6peTeHMn 
McnonbsyeTcn npocrpaHCTBeHHoe win 
nonsipM3aL|kioHHoe pasHeceHiie, b sananneMOM 
M3o6peTeHMii Moryr npMMeHflTbcn JnoSue 
MSBecTHbie Bi4Abi pasHBoeHMfl (HanpMuep, 
BpeMeHHoe nnn HacroTHoe). C^iUHOCTb 
v\306peTenm, KOTopan saxniOHaeTcn e 
npeAbiCKa}KeHMii MH^JopMaLiMOHHoro CMmajia b 

COOTBeTCTBMM c nepeAaTOHHbIMM 4)yHia(MflMV1 

KananoB pasHeceHim Ann MaKCMMMsai^MM 
KanecTBa npvieMa MH4)opMai4MOHHoro omHana, 
ocTaeTcfl npn stom HeMSMeHHoR. 

Sansnneiuoe veoepereHMe no cpaBHeHMio c 

MSBBCTHblMVI TeXHMHBCKMMM peiUeHMflMM B 

AaHHofl oCjiacTM rexHrnw nosBomneT noBbicnTb 
noMexoycToilHMBOCT'b nepe^aHM cMmaxia b 
CHcreMe paAMocsnsM npM 

MacTOTOo-ceneCTMBHbix saiMMpaHMnx cumajia. 
OopMyna M3o6peTeHMsi: 

1. Cnoooe KorepeHTHOi^ pasHeceHHoR 
nepeflaHM CMmana, aaioiKMaiouiMflcsi b tom, hto 
Ha nepeflaiouien cropone ctxjpMnpywT N 
paaHeceHMn, ct>opMMpyiOT N 



pasHeceHMR cBofl nrnioT-cMTHan, nepenaioT 
MH(})opMaLiMOHHbifl oMfHaji Hopes Bce Kananbi 
pasHeceHMf), a nMnOT-cMTHaxibi no 
cooTBercTByioiifiiM KananaM pasneceHkin, na 
npneMHoM CTopone oLieHMBaioT nepeAarowHbie 
(}jyHKqMH rananoB paaneceHMR c 
ncnojibsosaHneM nepeaanHbix nuTOT-curHanoB, 
nepeflawT peaynbTaibi omohkm nepemaroHHbK 
4)yHK4MC1 KananoB pasHeceHUfl hb nepeAawmyio 
cTopony. HB nepeflBioineCI cTopone b 
OOOTBeTCTBUM C nOJiyMeHHblMM pesy/ibTBTawM 

OLienoK ocymecTBrwioT npeflbiCKajKenne 
HHCt>opMaMMOHHoro CMTHana, nepe/tasaeMoro 
nepes Kwrnufi Kanan pasHeceHMR TaioiM 
o6pa30M, HToObi MaKCMMMSMpoeaTb KanecTBO 



npMeua kiHctrapMaMMOHHoro cwnana na 
npMeMHoW cTopoHe. 

2. Cnocoe no n.1, OTnunaioinnJIcfl tsm, ^to 
nunoT-curHa/ibi KananoB pasHeceHMfl n 
MHt}5opMai^MOHHbiR cuman aansiioTCfl bsbhmho 
opToroHanfaHbiMM. 

3. Cnoooe no n.1 mn 2, OTnuHaroinnPlcfl reivi, 
HTO nunoT-curHanbi KananoB pasHeceHUfl m 

MHCpOpMaL^I^OHHblR CMFHan SBHMMaiOT OA^y ki Ty 

MB nonocy nacTOT. 

4. Cnocxje no n.1 m/im 2. OTJinnaioinnRcH tbm, 
HTO nKinoT-CMrHan iwfppro KanaJia pasHeceHMO 
npeAcraanoeT co6o(t ooBOKynHOCTb 
y3Kono;iocHbix nwioT-CMmanoB, 
pacnp^eneHHbix no nonoce nacroT. 

saHMMaeMOfl MH(t»pMai4M0HHblM CMma/IOM. 

5. Cnoooe no n.1, mvi 2. win 4, 
OTJiMMaiotuvifloji TeM, HTO nnjioT-cuman tfsoKppn 
KaHana pasHeceHMn npeflpraBJineT coOofl 
coBOKynHOCTb ysKononocHUX nivioT-CMrHaroB, 
pacnpeoeneHHbix no nonooe nacroT. 
Bbijq^eHHon cMCTeue pa/viocBnsM, npM stom 



ysKononocHbiMM nMJioT-CMmajiaMM paaniiHHbix 
KananoB pasHeceHMn M MHctxjpMauMOHHbiM 

CMTHanoM. 

6. Cnocoe no n.1 , oTJinnaioiuMticn leM, hto 
flnji ocymecTBneHMfl rpenwcKajKeHun 
viH<})opMaL(MOHHoro cumana pa36MBaioT nonocy 
nacTOT MH(l30pMaL(MOHHoro CMPHana Ha M 
npHMbiKarau^vix nacroTHbix no;ioc, 
ocymecTBrflioT 0M/ibTpanwo MH4>opMai<noHHoro 
CMmana b nawofl HacTOTHoW nonoce, oOpaayn 

M (t>MnbTpoBaHHblX MHCt)opMaHMOHHblX cumajioB, 

KoppemipyioT e^iaay m aMnnnryfly Kaxwo 
(t)MnbTpoBaHHoro t^HCtX7pMai4MOHHoro CMmana b 
cooTBCTCTBUM c pesynbiaiaMM oi^ennvi 
nepenaTOHHOfl e})yHKi<MM cooTBeTciByioinero 
Kanana pasHeceHMSi, oOpaayn 
CKoppeKmpoBaHHbie 4>MnbTpoBaHHbie 
MHc^MauvioHHbie curHanbi, KOTopue saTeu 
cywMiipyioT. 

7. Cnoooe no n.1, OTiiviHaioiuMflcji tbm. hto 
Ans ocymecToneHMfl npeauoiaBKBHiiw 
MH4x}pMaL|iiioHHoro CMrHana ocyiMSCiBnoior 
npjiMoe npeoOpasoBaHne <Dypbe HaA 
MH4x)pMaMM0HHbiM curHajioM. pesyjibTaT 
npeoepaaoBaHMR nepeMHO)KaioT c 4)yHiqMefl. 
KOMnjieKCHO oonpfUKeHHoR c nepeAaroHHOfl 
4VHiqMeR cooTBeTGTByioiMero Kanana 
pasHeceHMn. m ocyiM^BjinioT o6paTHoe 

3 0ypbe. 
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1 - MHttopMauMOHHwii cHMBOji (nqwflaCTca ^ ^yasai - nHHOT cHMBOJi nepBOH 
J Hepes o6e pasueceHHue aKreRHbi) Pj^f ^ P aHreHHu (nepcflaercx tojiuco 

nepes nepsyio aiireHHy) 



- IIMJIOT CHMBOJJ BTOpOft 

aHxeHHbi (nepeflaercsi xontKO 
Hepe3 BTopyro aHTCHHy) 

Oht. 2 




ro 

(O 

ro 
o 
to 



-12- 




-13- 



y 




KSli *C g| i«|.Hij {» ir r 

Pi p 



6) 

OHr.6 



